Seven strains of purple nonsulfur bacteria isolated from the shallow-water steppe soda lakes of the cryoarid zone of Central Asia formed a genetically homogeneous group within the genus Rhodovulum. The isolates were most closely related to Rhodovulum strictum, from which they differed at the species level (99.5 % 16S rRNA gene identity and 42-44 % DNA-DNA hybridization level). According to genotypic and phenotypic characteristics, the strains were assigned to a new species of the genus Rhodovulum, for which the name Rhodovulum steppense sp. nov. is proposed. Cells of all strains were ovoid to rod-shaped, 0.3-0.8 mm wide and 1-2.5 mm long, and motile by means of polar flagella. They contained internal photosynthetic membranes of the vesicular type and photosynthetic pigments (bacteriochlorophyll a and carotenoids of the spheroidene series). All strains were obligate haloalkaliphiles, growing within a wide range of salinity (0.3-10 %) and pH (7.5-10), with growth optima at 1-5 % NaCl and pH 8.5. Photo-and chemoheterotrophic growth occurred with a number of organic compounds and biotin, thiamine and niacin as growth factors. No anaerobic respiration on nitrite, nitrate or fumarate and no fermentation was demonstrated. Bacteria grew photo-and chemolithoautotrophically with sulfide, sulfur and thiosulfate, oxidizing them to sulfate. Sulfide was oxidized via deposition of extracellular elemental sulfur. No growth with H 2 as electron donor was demonstrated. The major fatty acid was 18 : 1 (81.0 %). The major quinone was Q-10. The DNA G+C content was 66.1 mol% (T m ). The type strain, A-20s
The specificity of soda lakes as a habitat is evidenced by the abundance of new forms of micro-organisms of all physiological groups. Many new taxa of haloalkaliphilic anoxygenic phototrophic bacteria, primarily purple sulfur bacteria, have been described (Imhoff, 2001 (Imhoff, , 2008 Kompantseva et al., 2007) . However, no detailed investigation of the purple nonsulfur bacteria inhabiting soda lakes has been conducted. So far, two species of the genus Rhodobaca are the only known alkaliphilic purple nonsulfur bacteria (Boldareva et al., 2008; Milford et al., 2000) .
During investigation of the shallow-water steppe soda lakes of the cryoarid zone of Central Asia we revealed wide distribution of haloalkaliphilic purple nonsulfur bacteria belonging to the family Rhodobacteraceae (Kompantseva et al., 2005 (Kompantseva et al., , 2007 (Kompantseva et al., , 2009 . Pure cultures were isolated and phylogenetic analysis was performed (Kompantseva et al., 2009 ). According to 16S rRNA gene sequencing results, seven of our isolates formed a cluster within the genus Rhodovulum: they showed 99.5 % 16S rRNA gene sequence identity with Rhodovulum strictum, 96.4 % with Rhodovulum euryhalinum and Rhodovulum sulfidophilum, and 94-95 % with other species of the genus Rhodovulum. The 16S rRNA gene sequence identity with species of the genus Rhodobacter was 92-94 %. Although our isolates were very close to Rdv. strictum, they were still closer to each other, exhibiting 100 % identity despite their different geographical origins: southern Transbaikal Region (Zabaikal'skii Krai, Buryat Republic), Altai Krai, and north-eastern Mongolia. DNA-DNA hybridization confirmed that our isolates belonged to one species (93-98 % hybridization level) and differed from Rdv. strictum JCM 9220
T at the species level (42-44 %). In addition, our isolates had a range of phenotypic characters differentiating them from other species. Thus, they should be classified as a novel species of the genus Rhodovulum, for which we propose the name Rhodovulum steppense sp. nov., with the type strain A-20s
The seven strains of purple nonsulfur bacteria studied in this work were isolated from steppe soda lakes of different regions: A-20s T and A-18s (Zabaikal'skii Krai, Russia); A-26s and A-27s (Buryat Republic, Russia); M-33s and M-46s (north-eastern Mongolia); 12KL-06 (Altai Krai, Russia). The type strain A-20s T was isolated from lake Khilganta (50 u 429 530 N 115 u 069 080 E). The 16S rRNA gene sequences of the strains were deposited in GenBank under the following accession numbers: EU741680-EU741684, EU918391, FJ895099 (Kompantseva et al., 2009) . Characteristics of the habitats and the methods used for isolation of phototrophic bacteria have been described earlier (Kompantseva et al., 2007 (Kompantseva et al., , 2009 (Pfennig & Lippert, 1966) , 20 mg vitamin B 12 . The pH was adjusted to 8.5-9.0. The cultures were incubated in screw-capped bottles in a luminostat at 25-30 u C and a light intensity of 2000 lx.
Cell morphology was studied by phase-contrast light (Olympus BX-41) and electron (JEM-100C; JEOL) microscopy. Intact cells were stained with 2 % uranyl acetate. Ultrathin sections were prepared by standard methods (Ryter & Kellenberger, 1958) . Absorption spectra of living cells and acetone extracts were recorded with an SPh-40 spectrophotometer (LOMO). The optical density of the cultures was measured with a KFK-3 photometer [OpticoMecanical Plant (ZOMP)] at 650 nm.
All physiological tests were performed in triplicate. Utilization of organic and inorganic compounds was determined on basal mineral medium with yeast extract (0.1 g l
21
)
. The compounds to be tested were added as neutralized, filter-sterilized solutions at concentrations of 0.25-0.5 g l
. Utilization of sulfur compounds as electron donors and their oxidation products were studied in batch cultures of the bacteria. Tests for photoautotrophic growth with hydrogen were performed in 35 ml screw-capped bottles with 20 ml of medium under a gas phase of H 2 /CO 2 (80 : 20, v/v). For fatty acid analysis, strains A-20s T and Rdv. strictum JCM 9220 T were grown under photoheterotrophic conditions on standard medium with 1 g sodium acetate l
21 at 25 u C and a light intensity of 2000 lx, and harvested in the late exponential growth phase. After acid methanolysis of lyophilized biomass, fatty acid methyl esters were analysed on a Microbial Identification System specialized chromatograph (Sherlock), according to standard protocols (Stead et al., 1992) . Quinones were extracted from freeze-dried cells with methyl chloride/methanol (2 : 1) and analysed by reversed-phase HPLC. Antibiotic sensitivity was tested using the disc diffusion method. DNA base composition was determined by the thermal denaturation method, as described by Owen & Lapage (1976) .
The seven strains under study were isolated from shallowwater, weakly and moderately saline, steppe soda lakes with a salinity of 5-40 g l 21 , pH 9.1-10.1, and a total alkalinity of 20-70 mM (Kompantseva et al., 2007 (Kompantseva et al., , 2009 All of our strains shared a number of morphological properties. In natural samples and during culture isolation, the cells were thin, elongated rods (0.3-0.5 mm wide and 1.2-2.5 mm long), which, after series of passages, became shorter and thicker (0.4-0.8 mm wide and 1-2 mm long). The cell morphology ( Supplementary Fig. S1 , available in IJSEM Online) varied depending on the pH, salinity, degree of anaerobiosis, and the substrate used (Kompantseva et al., 2009) . The bacteria were motile by means of a polar flagellum ( Supplementary Fig. S2a ) and multiplied by binary fission. Motility was expressed most in media containing propionate or butyrate. Ultrathin sections of cells of strain A-20s T showed a Gram-negative type of cell wall. The internal photosynthetic membranes formed multiple vesicles ( Supplementary Fig. S2b ).
Anaerobically grown cultures had yellow to brown coloration; in the presence of oxygen, they turned red. The photosynthetic pigments were bacteriochlorophyll a and carotenoids of the spheroidene series. The in vivo and acetone extract absorption spectra of strain A-20s T are available as Supplementary Fig. S3 .
All of the studied strains turned out to be obligate haloalkaliphiles able to grow within a wide range of salinity (0.3-10 % w/v) and pH (7.5-10), in contrast to Rdv. strictum, for which narrow ranges of salinity and pH are distinguishing. The highest growth rate of our isolates was observed at a salinity of 1-5 % and pH of about 8.5. They did not grow on fresh-water media and/or at pH 7. The temperature optimum was 25-35 u C.
The isolates grew anaerobically in the light (photoheterotrophically) or aerobically in the dark (chemoheterotrophically). A wide range of organic compounds was used (Table 1 ; species description). The best growth occurred with fatty acids (propionate, butyrate, valerate), in contrast to Rdv. strictum, which prefers acids of the TCA cycle. Neither anaerobic respiration with nitrite, nitrate or fumarate as the terminal electron acceptor, nor fermentation with pyruvate, glucose or fructose were demonstrated. The isolates were able to grow photolithoautotrophically with sulfide, sulfur and thiosulfate, oxidizing them to sulfate. Sulfide as electron donor was oxidized via deposition of extracellular elemental sulfur ( Supplementary Fig. S4a ). In our experiments, Rdv. strictum JCM 9220
T also formed elemental sulfur as an intermediate product of sulfide oxidation. This fact, as well as the ability of Rdv. strictum JCM 9220
T to grow photolithoautotrophically with hydrogen, was not noted in the Rdv. strictum species description (Hiraishi & Ueda, 1995) . No growth with hydrogen as electron donor was demonstrated for our isolates, in contrast to Rdv. strictum JCM 9220 T . All of our strains and Rdv. strictum JCM 9220 T were able to grow chemolithoautotrophically with sulfide and thiosulfate. Ammonia was used as the nitrogen source. Sulfate, thiosulfate, elemental sulfur and cysteine were used as the sulfur source. Three vitamins (biotin, thiamine, niacin) or yeast extract (0.05-0.1 g l
) were needed as growth factors. proline, threonine, valine, and maltose. Both species are sensitive to tetracycline and resistant to amikacin, ampicillin, chlortetracycline, bacitracin, vancomycin, gentamicin, nystatin, nalidixic acid, novobiocin, penicillin and rifampicin.
Characteristic 1D 2d
Cell diameter (mm) 0.3-0.8 0.6-1.0 NaCl range (optimum), % 0.5-10 (1-5) 0.25-3 (0.8) pH range (optimum) 7.5-10 (8.5) 7.5-9.0 (8.0) Vitamin requirement b, n, t b, paba, t Substrates used Hydrogen Hiraishi & Ueda (1995) ; other substrate utilization data congruent. DThe physiological and biochemical properties of strains A-20s T , A-18s, A-26s, A-27s, M-33s, M-46s and 12KL-06 were quite similar, therefore only data for the type strain A-20s T are presented.
dData from Hiraishi & Ueda (1995) , except intermediate formation of elemental sulfur, photolithoautotrophic growth with hydrogen and chemolithoautotrophic growth with sulfide and thiosulfate, antibiotic sensitivity, and substrates used (data from this study). §E. coli numbering of sequence positions. Data from Kompantseva et al. (2009). Anaerobically in the light and in the presence of organic compounds, strain A-20s T reduced selenite and tellurite (at initial concentrations of up to 10 mM) to elemental selenium and tellurium, respectively ( Supplementary  Fig. S4b ).
The chemotaxonomic characteristics of strain A-20s T are given in the species description.
The phenotypic and genotypic characteristics described above allow us to assign the strains investigated in this study to a novel species of the genus Rhodovulum, for which the name Rhodovulum steppense sp. nov. is proposed.
Description of Rhodovulum steppense sp. nov.
Rhodovulum steppense (step.pen9se, N.L. n. steppum steppe; L. neut. suff. -ense suffix used with the sense of pertaining to; N.L. neut. adj. steppense pertaining to the steppe, widespread in steppe soda lakes).
Cells are ovoid to rod-shaped, 0.3-0.8 mm wide and 1.0-2.5 mm long, motile by means of polar flagella, multiply by binary fission, and contain vesicular internal photosynthetic membranes. Cell suspensions are yellow to brown in anoxic conditions and red in the presence of O 2 . The photosynthetic pigments are bacteriochlorophyll a and carotenoids of the spheroidene series. In vivo absorption spectra show maxima at 461, 483, 515, 592, 803 and 861 nm. Growth occurs anaerobically in the light (photoheterotrophically) or aerobically in the dark (chemoheterotrophically). Growth is best with propionate, butyrate, valerate, pyruvate, lactate and glycerol. Asparagine, acetate, caprylate, malate, succinate, formate, fumarate, glutamate, mannose, ethanol, casein hydrolysate and yeast extract are also used. Alanine, arginine, aspartate, ornithine, proline, threonine, valine, citrate, benzoate, tartrate, arabinose, glucose, maltose and fructose support slow growth. No growth occurs with sucrose, sorbitol, mannitol or methanol. No anaerobic respiration takes place with nitrite, nitrate or fumarate. Growth at the expense of fermentation does not occur. Sulfide, sulfur and thiosulfate support photolithoautotrophic and chemolithoautotrophic growth, in the course of which they are oxidized to sulfate. Sulfide as electron donor is oxidized via temporary deposition of extracellular elemental sulfur. No growth occurs with hydrogen as electron donor. Ammonium salts are used as the nitrogen source. Sulfate, thiosulfate, elemental sulfur and cysteine are used as the sulfur source. Three vitamins (biotin, thiamine, niacin) are needed as growth factors. Obligately haloalkaliphilic: growth occurs within a wide range of salinity (0.3-10 %, w/v) and pH (7.5-10). Growth optima are at 1-5 % NaCl, pH 8.5 and 25-35 u C. No growth occurs in the absence of NaCl and/or at pH 7. The major quinone is ubiquinone Q-10. Straight-chain saturated and monounsaturated fatty acids are present, with 18 : 1 predominating (81 %). Resistant to amikacin, ampicillin, chlortetracycline, bacitracin, vancomycin, gentamicin, nystatin, nalidixic acid, novobiocin, penicillin, rifampicin, kanamycin, lincomycin, neomycin and streptomycin. Sensitive to tetracycline, benzylpenicillin and polymixin B. The DNA G+C content of the type strain is 66.1 mol% (T m ).
The type strain, A-20s T (5VKM B-2489 T 5DSM 21153 T ), was isolated from soda lake Khilganta (Zabaikal'skii Krai, southern Siberia, Russia).
